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(54) Water dilutable acrylated epoxy-phenolic coating compositions 

(57) A storage-stable water-dilutable coating composition for use on the interior of food containers 
comprises a polymer obtained by polymerising a plurality of acrylic monomers including an acidic 
monomer in the presence of a high molecular weight epoxy resin, a phenolic resin, and a free radical 
initiator dissolved in a water miscible solvent. The resulting polymer solution is rendered water 
dilutable by the addition of ammonia or an aqueous amine which neutralizes the carboxyl functionality 
of the acrylic monomers. 
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SPECIFICATION 

Water dilutable acrylated epoxy-phenolic coating compositions 

5 

5 Technical Field ... ^ 

The field of art to which this invention pertains is water-containing polymer coating compo- 
sitions, and specifically polymer coating compositions for the interior of food containers. 

1 0 Ba po?yme? d co^ting compositions designed for use on the interior of food containers are required 1 0 
to meet very stringent requirements. In addition to severe adhesion requirements to the 
substrate the polymer must be able to withstand steaming, must not interact with the food 
material, 'and must not be subjected to staining from the food material. Added to these very 
rigorous requirements additional limitations on organic solvent content are being placed on 

1 5 Dolvmer compositions in general. 

Accordingly, what is needed in the art is a water dilutable coating composition which meets 
the above-recited stringent requirements and is specifically adapted to coating the interior of 
food containers. 

20 

20 Disclosure of Invention ;„ «u a 

The present invention is directed to a coating composition specifically adapted for use in the 
coating of the interior of food containers comprising the reaction product of a high molecular 
weight epoxy resin dissolved in an organic solvent, a phenolic resin dissolved in the same 
solvent and a plurality of acrylic monomers, at least one of which is an acid monomer 

25 polymerized by heating in the presence of the epoxy and phenolic resins dissolved in the organic Zi> 
solvent The composition is rendered water dilutable by neutralizing the carboxyl functionality on 
the formed polymers with an aqueous amine. The resulting composition is storage stable, further 
water dilutable, and meets the stringent requirements of food container coatings in general. I he 
resulting polymer composition is believed to be substantially an epoxy-phenolic copolymer 

30 having grafted thereon an acrylic copolymer, although variations and permutations based on the 30 
reactants are also considered to be present in the coating composition. 

Another aspect of the invention includes a method of forming such a coating composition by 
dissolving the epoxy resin in a water miscible organic solvent, dissolving the phenolic polymer in 
the same solvent, adding the acrylic monomers to this solvent composition and reacting the 

35 composition in the presence of at least 3% of an organic peroxide (or free radical 'nitrating 35 
equivalent) by heating (e.g. to a temperature below 120*C). Any carboxyl functionality in the 
composition (stemming from the addition of acrylic monomers) is then neutralized with an 

aqueous amine solution. .. .. < „„^ 4 „ j 

Another aspect of the invention is a food container having at least the interior thereof coated 

40 with such composition. „„„.■„._ 

Another aspect of the invention is a method of coating the interior of such food containers 

with such coating composition. 

The foregoing and other objects, features and advantages of the present invention will 
become more apparent from the following description of preferred embodiments. 

Best Mode for Carrying Out the Invention ... 

Any high molecular weight epoxy resin can be used with the present invention as long as it 
has the requisite epoxy functionality. 
A particularly suitable class of epoxy resins has the generalized formula: ^ 



40 



45 



H 2 q r H / CH 2 co-<^o)-J 55 



60 



wherein R is an alkylene group of 1 to 4 carbon atoms and n is an integer from 1 to 1 2. The 

epoxy resins utilized with the present invention generally contain an average of two terminal 
60 1 2-epoxy groups per molecule and are in the epoxy equivalent weight range of about 650 to 

about 5,000. and preferably about 1.000 to about 4,000. A preferred epoxy resin is EPON® 

1009 (Shell Chemical Corporation). 
Other examples of suitable epoxy resins include glycidyl polyethers marketed under the 

trademarks of EPON Resin 1 001 , 1 004, 1 007, etc. Other suitable solid epoxy resins mcl ude 
65 the condensates or fusion resins prepared as described in U. S. Patent No. 3,477,990. Under 65 
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certain conditions, a portion of the epoxy resin can be glycidylized novolak. Other suitable epoxy 
compounds include those compounds derived from poiyhydric phenols and having at least one 
vicinal epoxy group wherein the carbon-to-carbon bonds within the six-membered ring are 
saturated. Such epoxy resins may be obtained by at least two well-known techniques, i.e., (1) by 
5 the hydrogenation of glycidyl polyethers of poiyhydric phenols or (2) by the reaction of 5 
hydrogenated poiyhydric phenols with epichlorohydrin in the presence of a suitable catalyst such 
as Lewis acids, i.e., boron trihalides and complexes thereof, and subsequent dehydrochlorination 
in an alkaline medium. The method of preparation forms no part of the present invention and 
the resulting saturated epoxy resins derived by either method are suitable in the present 
10 compositions. 10 
Epoxy resins that may also be used include the hydrogenated resins prepared by the process 
described in U. S. Patent No. 3,336,241. More preferred are the hydrogenated glycidyl ethers 
of 2,2-bis (4-hydroxyphenyl) propane, sometimes called the diglycidyl ethers of 2,2-bis (4- 
cyclohexanol) propane. 

1 5 Any phenolic resin may be used with the present invention as long as it has the requisite 15 
methylol functionality for reactivity. The preferred phenolic resins are the reaction products of 
phenol, substituted phenol, and bis-phenol A with formaldehyde under alkaline conditions. 
Under such conditions the methylol functionality is inserted either ortho- or para- in the aromatic 
ring. Rate studies have established that the para- position to the hydroxyl is slightly more 

20 reactive toward formaldehyde but, in the case of phenol or bis-phenol A which contains no other 20 
substituents, there are 2 ortho- positions available, and the ortho-methylol compound is formed 
at a faster overall rate. Essentially, a mixture of methylol phenols is formed, some of which have 
more methylol groups than others. 

In the processing of phenol resin manufacture, the polymerization or dehydration stage is 

25 carried out under the original alkaline conditions or after neutralization of the methylol mixture. 25 
The resulting methylol-containing resin, called a resole resin, is a complex mixture of mono- and 
poly-nuclear molecules joined by methylene or dimethyleneoxy linkages. These polymer struc- 
tures contain three methylene groups for subsequent reactivity, and are phenolic resins suitable 
for use with the present invention. These phenolic resins can react by the action of acid and/or 

30 heat with the carboxyl, oxirane and hydroxyl substituents present in the epoxy-acrylic resin 30 
according to the present invention. However, the methylol functionality of the phenolic resin 
remains essentially intact under the mild acrylation techniques practiced under this invention. It 
is essential that the methylol functionality remains intact or premature cross-linking and gelation 
will prevent further utility. In addition, preservation of the methylol functionality is needed for 

35 the development of coating properties during the curing cycle of the coating. 35 
Another suitable phenolic resin useful with the present invention is formed by an alkylation 
procedure which results in ether formation with the methylol groups. Butanol is the preferred 
alkylating agent. Alkylation with butanol results in improved solubility and compatibility of the 
phenolic resin with the other components (epoxy and acrylic) of the present invention. However, 

40 alkylation of the methylol groups does not diminish coating reactivity. Both phenolic resins 40 
containing free methylol groups and phenolic resins containing free methylol groups and 
phenolic resins containing alkylated methylol groups have been successfully used according to 
the present invention. It should be noted that phenolic resins above-described are known and 
commercially available. 

45 The acrylic monomers which are useful according to the present invention include well-known 45 
acrylic monomers such as acrylic acid, lower alkyl substituted acrylic acids such as methyl, 
ethyl, butyl, propyl etc. acids (e.g. methacrylic). The lower alkyl esters of such acrylic acids are 
also useful such as methyl acrylate, butyl acrylate, methyl methacrylate, etc., corresponding to 
the above-recited acids (note U.S. Patent No. 4.308,185 the disclosure of which is incorporated 

50 by reference). It should be recognized by those skilled in the art that COOH functionality may 50 
also be introduced by copolymerizing other non-acrylic monomers such as: maleic anhydride, 
itaconic acid, etc. 

Any water miscible organic solvent which will dissolve both the epoxy and phenolic resins are 
useful with the present invention. Typical of such solvents are normal butyl alcohol, secondary 
55 butyl alcohol, alkyl ethers of ethylene and propylene glycols, for example, ethoxyethanol, 55 
propoxypropanol, 2-butoxy-ethanol, diethylene glycol mono-methyl, ethyl and butyl ethers, etc. 

Initiators suitable for inducing the graft-copolymerization of the acrylic monomers onto the 
epoxy-phenolic resins are organic peroxides and their equivalents. Some preferred initiators are 
t-butyl peroctoate, t-butyl peroxyacetate, t-butyl perbenzoate, benzoyl peroxide, and 2,2'-azobis- 
60 (2-methylpropionitrile). 60 
The present invention is based upon the discovery that when the epoxy and phenolic resins 
and addition polymerizable mnomers are reacted together at elevated temperature (below the 
cure temperature of the composition which is typically abut 200X, and thus this heating is 
typically below about 120°C) in the presence of at least 3% (preferably 3% to 8% by weight 
65 based on the weight of acrylic monomers present) organic peroxide or an equivalent free radical 65 



3 



GB2152 065A 3 



10 



15 



initiator, addition and grafting reactions proceed simultaneously. The grafting (apparently) takes 
place at the aliphatic groups present in the epoxy-phenolic resin backbone carbon chain. The 
reaction mixture that is obtained includes graft polymers, assoc.at.vely-formed ungrafted addition 
polymers, and some unreacted epoxy-phenolic resin. R 
The key feature of the reaction to produce viable coatings according to the present invention 5 
is that the polymerization-grafting must be conducted in co-dissolved epoxy-phenolic resins. If 
the polymerization and grafting are conducted separately to form epoxy-acryl.c and phenolic- 
acrylic graft copolymers and then combined, the combinations form unstable coatings. More- 
over, upon curing, opaque films rather than clear films are obtained. 

The grafting that occurs exerts a profound influence on the properties of the reaction nurture. 1 0 
Thus when the addition of polymerizable monomer includes a major amount of an acrylic or 
meth'acrylic acid, both the graft polymers and the ungrafted addition polymers ^a* are produced 
are carboxylic acid-functional and in the presence of an amine solub.hz.ng agent, the reaction 
oroducts may be readily dispersed in water to form a stable system. For satisfactory dispersion, 
the acid number of the reaction mixture should be sufficient for establishing and maintaining the 
oolvmer in aqueous dispersion (e.g. acids numbers of 35 to 86 are typical). Moreover, the 
SSfunSional addition and gfaft co-polymers which result from this reaction have adequate 
dispersing ability to maintain any ungrafted epoxy-phenolic resins as stable aqueous disperoons. 
The ratio of epoxy to phenolic resins (the following ratios are all parts and percents by weight 
20 unless otherwise specified) are approximately equal with perhaps a slight excess of epoxy resins. 
For example, the epoxy should constitute about 40 to about 60 parts by weight with phenolic 
resin constituting about 30 to about 40 parts by weight. The acrylic monomers represent 25% 
to 35% of the total acrylic and epoxy-phenolic composition with about 30% being preferred. 
The preferred acrylic composition is constituted by about 20% to about 30% acrylic or 
25 methacrylic acid, about 30% to about 40% butyl acrylate. about 30% to about 40% 25 
memySelhacrylate. about 10% to about 20% hydroxyethylacrylate and about 20% to about 

3 As used, n t e he mixture of water and organic solvents for coating application is typically about 
70% to about 80% water and about 20% to about 30% organic solvent. For coating purposes 
30 the concentration of the epoxy-phenolic acrylic polymer composition accordtn ^^ll i n T r e ^ nt 30 
invention is typically about 60% to about 70% by weight solids in organic solvent prior to 

* Amies useful to perform the last step in the reaction, the neutralization of the "^acted 
ca7boxyl groups are as follows: aqueous ammonia, and RNH 2 wherein R may be an alkyl radical 
35 e g methyl, propyl, butyl and the like; or an alkanol radical, e.g. methanol, ethanol, propanol 
and the like. A preferred primary amine is 2-amino-2-methyl-1 -propanol. 
Suitable secondary amines include the amines of the general formula: 



45 wherein R, and R s may be the same or different hydrocarbon radicals; such as alkyl radicals, 
methyl propyl butyl and the like; alkanol radicals: methanol, ethanol. propanol and the ike. 

Examples Writable secondary amines include N-methyl-ethanol amine, d.ethanolam.ne, 
dimethylamine, diethylamine, dipropylamine, and morpholine. 

Suitable tertiary amines include the amines of the general formula: 
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wherein R„ R 2 and R 3 may be the same or different hydrocarbon radicals, such as alkyl I radicals: 
methyl, propyl, isopropyl, butyl, etc.; alkanol radicals: methanol, ethanol, propanol, isopropanol, 

60 Samples of preferred, tertiary amines include triethylamine triisopropylamine. tributylamine. 60 
dimethylethanolamine and diethylethanolamine. Most preferred are the , tertiary -amines ■ and 
particularly dimethylethanolamine. Amounts of amine added will be sufficient to neutralize from 
about 50% to 1 00% of the carboxyl groups present. 
The method of application can be any conventionally used application method in this art such 

65 as spraying and roller coating. For beverage containers the preferred method is spraying. For 65 
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food containers the preferred method is roller application. The coatings are generally applied in 
thicknesses up to about 3. 5-4mg. /square inch. 

The following examples demonstrate specific work-ups of the coating composition according 
to the present invention. 

5 5 
Example 1 

Epoxy resin, (EPON 1009) 162.0 parts, was added to a mixture of 135.0 parts of n-butanol 
and 135.0 parts of 2-butoxyethanol and the mixture was heated to 136X for solubilization. 
When the epoxy resin had dissolved, 216.0 parts of orthocresol-formal-dehyde phenolic resin, 

10 (softening point 65-75X, hot plate cure at 150X, 70-1 10 seconds) were added portionwise 10 
and the slurry was stirred for 30 minutes at 90X until completely solubilized. A mixture of 59.7 
parts of acrylic acid, 51.3 parts of methyl methacrylate, 51 .3 parts of butyl acrylate, 1 5.6 parts 
of n-butanol, 15.6 parts of 2-butoxy-ethanoI, and 12.9 parts of tertiary butyl peroctoate was 
added over a two-hour period while the reaction temperature was maintained at 95 ± 3X. After 

1 5 stirring for an additional two-hour period at 95 ± 3X, a mixture of 55.5 parts of dimethyletha- 1 5 
nolamine and 808.8 parts of deionized water was added to give 1 700 parts of product at 
34.89% solids content, having a Brookfield viscosity (25 X) of 1 14 poises and a pH of 7.3. 

Example 2 

20 107.4 parts EPON 1009 was added to a mixture of 94.5 parts 2-butoxyethanol and 40.5 20 
parts n-butanol, heated to 135°C until epoxy resin was dissolved. The temperature was lowered 
to 95°C and 143.2 parts of phenolic resin (see Example 1) was added and stirred until 
dissolved. At this point a mixture of 42.2 butyl acrylate, 31.5 parts methyl methacrylate, 1 0.7 
parts hydroxy ethyl acrylate, 22.9 parts acrylic acid, 14.6 parts 2-butoxyethanol, 6.2 parts n- 

25 butanol and 8.6 parts tertiary butyl peroctoate was added over a two-hour period while the 25 
reaction temperature was maintained at 95 ± 3X. After stirring an additional 2 hours at 95X, a 
mixture of 21 .5 parts dimethylethanolamine and 537.2 parts deionized water was added to give 
1081 .0 parts of product at 31 .74% solids content having a Brookfield viscosity (25°C) of 8.5 
poises and a pH of 7.45. 

30 30 
Example 3 

143.2 parts EPON 1009 was added to a mixture of 94.5 parts 2-butoxyethanol nd 40.5 
parts n-butanol, heated to 1 35°C until epoxy resin was dissolved. The temperature was lowered 
to 95X and 107.4 parts of phenolic resin (see Example 1) was added and stirred until 

35 dissolved. At this point a mixture of 42.2 parts methyl methacrylate, 42.2 parts butyl acrylate, 35 
22.9 parts acrylic acid, 14.6 parts 2-butoxyethanol, 6.2 parts n-butanol and 8.6 parts tertiary 
butyl peroctoate was added over a two-hour period while the reaction temperature was 
maintained at 95 ± 3X. After stirring an additional 2 hours at 95°C, a mixture of 21 .5 parts 
dimethylethanolamine and 537.2 parts deionized water was added to give 1081.0 parts of 

40 product at 31 .84% solids content having a Brookfield viscosity (25 X) of 1 7.0 poises and a pH 40 
of 7.45. 

Example 4 

To a solution of 54.0 parts of EPON 1009 resin in a mixture of 19.7 parts of n-butanol and 
45 45.0 parts of 2-butoxyethanol at 90X was added 97.3 parts of bisphenol A-formaldehyde 45 
butylated phenolic resin at 74.0% solids content in n-butanol (72.0 parts of resin). A mixture of 
1 9.9 parts of acrylic acid, 1 7.1 parts of methyl methacrylate, 1 7.1 parts of butyl acrylate, 4.3 
parts of tertiary butyl peroctoate, 5.2 parts of n-butanol and 5.2 parts of 2-butoxyethanol was 
added to the slurry at a constant rate over a two-hour period while the reaction temperature was 
50 maintained at 96 ± 1 X. After stirring for an additional two-hour period at 96 ± 1 X, a mixture 50 
of 18.5 parts of dimethylethanolamine and 267.0 parts of deionized water was added to give 
573 parts of product slurry at 33.9% solids content, having a Brookfield viscosity of 103 poises 
(25X) and a pH of 7.6. 

55 Example 5 55 
143.2 parts EPON 1009 was added to 94.5 parts 2-butoxyethanol heated to 1 30X until the 
resin was dissolved. The temperature was lowered to 95X and 144.0 parts of butylated phenol- 
formaldehyde phenolic resin (74.6% solids at 2950 cps) and 10.1 parts n-butanol added with 
agitation until a homogeneous mixture is attained. At this point 38.0 parts 2-ethylhexylacryIate, 

60 46.4 parts methyl methacrylate, 22.9 parts acrylic acid, 14.6 parts 2-butoxyethanol and 8.6 60 
parts t-butyl peroctoate were added over a two-hour period while the reaction temperature was 
maintained at 95 ± 3X. After stirring an additional 2 hours at 95X, a mixture of 14.2 parts 
dimethylethanolamine and 350.0 parts deionized water were added to give 8886.5 parts of 
product at 39.14% solids content having a Brookfield viscosity (25X) of 26.2 poises and pH of 

65 7.10. 65 
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1 SS^^T^FfcSn minutes. Cured coatings, as per the 400'F cure cycle, were 5 
5 lough and chemTcal J resistant. Applied and cured ceatings passed coating performance tests 

d Thfco d at b ed 0 meta. substrates were flexible, process resistant solvent resistant ^*J"g* 
j klit rtsMa Fnr examole flexibility was measured by subjecting the coated metal panel to 
« n f? 2SO-F to? 9C ^mTnutes add-copper sulphated to facilitate examination of the presence 1 0 
1 ° ofXicrLks and nSne were ^ fouTd Xcess resistance was measured by pacing the panels « 
Assure cookers and kept there for 90 minutes at 2B0'F No b^ering 
partially water imea p Solvent resistance was measured by taking the coated 

^iSS^S^K^^ w * h 3 cloth soaked ^hyl-ethyl-ketone. No 
panel a™ mecnamcai )L T" netration of solvent was found. Food resistance was measured by 

wioatina interaction was found. Furthermore, high temperature stability, i.e shelf life, is a 
KJifiSn MEHSft «S water-base compositions. Viscosity buildup through chemical 
20 reac on in tne paS Soul I on.y be solved if a two-package system were used Shel f (storage) 
ctf h itv of the oresent compositions was determined by heating the compositions for 1 to 3 
weeks at 1 M'E^ZS&cm lasted for more than 1 week. Such composit.ons would last 

f ° A ZugMh[s rvenTo P n r £ been shown and described with respect to a P-/-ed embodi- 
25 ment it will be understood by those skilled in this art that various changes in form and detail 25 
Se?eoi may be made without departing from the spirit and scope of the claimed ,nvent.on. 
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CL f ' M A water dilutable, storage stable coating composition comprising an organic solvent- 
30 oolink^a^lJtion of the reaction products of a high ™n. 
nhTnniir rpsin and a Dlurality of acrylic monomers at least one of which is an acid, said 
SmooStion reacted in water m scible organic solvent and neutralized with aqueous amine. 
2 . P A "metS f of makTng a water dilutable, acrylated epoxy-phenolic coating composrtion 

35 C °SSg a high molecular weight epoxy resin in a water-miscible organic solvent; 35 
dissolving a phenolic resin in the epoxy resin-containing organic solvent; nh pnoli e 
adding a plurality of acrylic monomers at least one of wh.ch is an acid to the epoxy-phenol.c 

^poTym^nTihe acrylic monomers in the epoxy-phenolic solvent solution by heating; 
40 neSzinS the carboxyl functionality of the acrylic monomers w.th an aqueous amine to form 40 

a stable water dilutable coating composition. . 
a f™' *™ coated at (east on their interior surfaces, w.th a layer of a mating 

composition comprising the reaction product of a high mo.ecufcr weighty epoxy resin, a phenolic 
resin and a plurality of acrylic monomers at least one of which is an acid. 
Ac "T* a method of coating the interior of a good container comprising applying an organic 45 
solvent^faining aqueous solution of the reaction product of a high mo ^ular weight epoxy 
reS T\ phenolic resin, and a plurality of acrylic monomers at least one of wh.ch ,s an acid to 

n«m^ 50 

6 The composition of claim 1 wherein the epoxy resin comprises a glyc.dy P 0 ^™'- 
7. The composition of claim 1 wherein the phenolic resin contains a phenol. substrtuted 

55 Ph r°Vh°e food P contiL of claim 3 wherein the acrylic monomers are present in „ , amou nt i of 55 
about 2o% to about 35'Zo by weight, the epoxy resin is ^^^E^* 0 " 1 8 °* 
by weight, and the phenolic resin is present from about 30% to about 40% by .weignt . 
9 The food container of claim 3 wherein the epoxy resin comprises a glycidyl polyethe r 
lb. The food container of claim 3 wherein the phenolic resin contains a phenol, substituted ^ 
60 phenol, or bisphenol A. 



